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devices and software forming a parallel Multiple Instruction Multiple Datastream (MIMD)
computer. The modular design can accommodate up to 1024 processors and support a theo-

retical data storage capacity of one trillion bytes.

The DBC operates as a dedicated backend attached to one or more host computers. At t .
present only IBM computers are supported. However, plans to attach to VAX have been -

announced. The same DBCl012 is intended to be capable of interfacing both IBM and VAX
machines at the same time, thus providing an intriguing capability to access the same
database using computers with truly different capabilities. Plans to interface the IBM

,* PC have also been announced.

The DBC1OI2 employs a relational data model with records evenly distributed across disk
units to provide parallel asynchronous processing. Access is supported by the TEradata

QUery Language (TEQUEL), a high-level non-procedural dialect of SQL. Modes of operation
range from interactive database query in TEQUEL to invocation by applications programs
executing on the host. The DBC1012 should be accessible by any language resident on the

host.

The system is constructed of off-the-shelf extremely reliable hardware and is assessed -

to be highly reliable and maintainable. It is redundant in both hardware and software
with non-stop operation and non-step repair under must failure events. The DBC1012 *.

capacity statistics are up to 32,000 databases, 32,000 tables per database, 256 columns

per table, 30,000 records (rows) per table and 30,000 bytes per field. Each disk can
hold 300 megabytes plus overhead. Efforts are under way to reduce this overhead.

Analysis indicates virtually no loss in parallelism for primary key activities as the
system grows and the next release plans the same capability for secondary key activities.

Human factors are excellent, with particularly desirable support to data administration,

It is easy to specify input validation criteria, restructure and expand machine config-
uration. "Create data base" privileges can be granted and controlled. Extensive reports
are available covering network processor and storage utilization, user activities and
privileges, and database and table ownership hierarchies.

The only odentified limitations of any significance are lack of a rollforward capability,
which is announced for late 85 is software and announced without date in hardware, and

lack of a capability to name indexes, which is an annoyance but should not limit usage. '-,
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CHAIRMAN'S MESSAGE

Welcome to the 1984 International Aerospace and Ground Conference on Lightning and
Static Electricity. This year's theme, "Key to Lightning Technology", has as its goal the

* "unlocking" of the lightning and static electricity closet and the opening of the door to greater
understanding of phenomenology and hardening techniques for Aerospace and Ground Systems.

* The conference will consist of three days of meetings and discussions intended to broaden our
knowledge of theory and practical application in the areas of lightning and static electricity.

* There have been many portals to knowledge opened in the past but there are still more to be
unlocked in the future. Hopefully our "Key to Lightning Technology" theme will identify and

* unlatch some of these closed doors.

The technical program consists of sixty papers to be presented during parallel sessions. This
* select program offers a large foundation supporting many technical arenas. Topically, we are

encompassing sixteen major subjects that include many diversified areas of concern. This wide
base will interest all attendees who wish to broaden their knowledge and understanding of
lightning and static electricity. The conference shows a fine international representation and
includes studies from outside the United States as well as from all regions within.

The technical program has been organized to offer something to both the new engineer as
* well as the established research scientist. It provides all of us the opportunity to learn new

concepts, exchange ideas, discuss new and controversial ideas and have informal discussions
and conversations with colleagues. I would like to express my appreciation and thanks to the
many talented people who have worked so hard to make this a successful conference. This
includes the conference speakers, session chairpersons and organizers, advisors, and last but
certainly not least, the Conference steering committee and all their staff.

J. . Fisher
Conference Chairman
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KEYNOTE ADDRESS
COMMODORE William J. Finneran

INTRODUCTION

I am genuinely sincere when I say that I am proud to stand before this prestigious group
and talk to you about a subject of utmost interest to Naval Aviation: The Lightning and Static
Electricity Phenomena. I can tell you [ am here to learn for there is very little I can contribute

* to the incredible store of knowledge already assembled in this room. However, I can offer you
* the Navy's position on the necessity of countering the effects of lightning and static electricity.

And, most likely, the Navy position is also that of the other agencies represented here who
are co-sponsors of this, "The 1984 International Aerospace and Ground Conference on Light-

* ning and Static Electricity."

* ADDRESS

Ladies and Gentlemen, the Navy is currently involved in the design of the next generation
* fighter airplane. This aircraft will achieve superior performance by blending advanced mate-

rials, wings, engines, cockpit and avionic system designs into an aerodynamically agile, ver-
satile, low profile airframe. From this description you can tell this aircraft will be sleek, light,
and for the most part, automatic. To achieve these characteristics we will rely on the use of
composite materials, digital fly-by-wire advanced techniques, and very high speed integrated
circuit technology. The point I want to make is that the Navy and 1, in particular, want to

* know what obstacles we will encounter from the effects of lightning and static electricity on
this fighter pilot's dream craft.

As the Assistant Commander for Systems and Engineering at the Naval Air Systems Coin-
mand, one of my priorities is to ensure that the fleet is provided with all-weather aircraft that

* are mechanically sound and capable of performing missions in their intended operational
environment.

For many years the Navy seriously considered the effects that lightning had on aircraft as
* being minor. Few aircraft were lost due to lightning and the damage lightning imparted never

had much impact on overall fleet operations. Why? Because, for the most part, aircraft were
made of metal which provided a direct path for currents associated with a lightning strike
and, because, most of our flying was in a training environment. That is, we insisted on attaining
flight hours under an optimum safety and low risk combination. The rule was, if there were
lightning and thunder bumpers in the area, flight operations were cancelled and we waited
for a better day. In combat that rule is out, and there are few cancellations due to weather.
In Vietnam, many a sortie returned to the ship with the mission aborted due to system failure
caused by lightning, static electricity and other electromagnetic phenomena. Yellow sheets
abounded with gripes that "ground checked OK" when maintainers troubleshot the suspected
problem area. The problem was there, but the cause and correction were virtual mysteries.

e- _e



Today there is growing concern in the Navy regarding the performance degradation by
* Electromagnetic Environmental Effects (E3 ) which, of course, include lightning and static

electricity. Major changes in aircraft design have given birth to serious questions as to the
* possible safety and operational reliability of new systems under all-weather conditions. The
* changes from the earlier all-aluminum skin, through the use of stainless steel and titanium,

and now the growing science of composite material utilization have developed aircraft which,
although approaching the light-weight characteristics we desire, have become open windows

* to electromagnetic intrusion. During similar achievements in electronics development we have
* progressed from the relatively insensitive vacuum tube technology to the present-day minia-

turized, micro-chip system which can be destroyed by extremely small power levels of energy.
The use of these increasingly sensitive, very complex, semiconductor electronic systems has
caused us to take a long, hard look at system upsets caused by environmental effects.

To emphasize my point, let me tell you of an incident which is recorded in our Safety Center
Lightning Data Base, and which got the attention of a junior pilot and crew.

* The newly designated aviator took off in marginal weather on his last leg of a cross-country
* training flight in an S-3A aircraft. As he proceeded enroute, weather deteriorated and he found
* himself flying through thunderstorms. As St. Elmo's fire danced upon and about his wind

screen his world turned into one of torment. The instrument panel lit up and essentially told
him:

* * His RPM was dropping rapidly.
0 His hydraulic system was about to fail.
0 His navigation instruments were unreliable.
* His landing gear were down and locked.
9 And his wings were ready to fold.

To add to his situation, his radios failed, his landing hook actually came down and his bomb
bay doors opened. You can imagine that this young aviator's heart skipped a few beats but,
as he flew out of the storm, all systems returned to normal and he landed safely.

Investigation of the incident determined that the newly designed wind screen of the S-3A
was made of plastic with high carbon content and was susceptible to cracking under electrical
charging stress. These cracks provided a point of entry and the static electricity created by
the storm entered the wiring of the aircraft through the rain removal system on the wind
screen. This caused proximity switches to do their intended job at this very unintentional time.
Hence, the scramble of unusual activity in the cockpit. Let me hasten to tell you. this problem
has been corrected by replacing the wind screen at a high cost, by putting filter pin connectors
in the aircraft wiring system and inserting other lightning suppression techniques developed
by some of the people in this very audience. WE DON'T NEED INCIDENTS LIKE THIS!



In our quest to provide the fleet with stable all-weather aircraft, we use a number of criteria
for the evaluation of lightning protection. Generally, these are: safety-of-flight, mission sur-
vivability, fleet reliability, and maintenance economics. In evaluating the lightning protection
for each part of a system or part of mne airframe, the factors included in each of these general
areas must be considered individually, although one or more factors usually predominate for
each type aircraft and mission. SAFETY-of-FLIGHT requires no explanation. MISSION SUR-
VIVABILITY of a modern platform must be considered carefully in terms of the new materials.
As I mentioned previously, even low amplitude strikes could cause disablement of offensive or
defensive electronic systems and cause mission essential equipment to be useless as well as
make the vehicle vulnerable to enemy weapon systems. For example, mere thunderstorm cross
transients can damage receiver front ends without the strike contacting the aircraft. FLEET
RELIABILITY must be considered in terms of the fact that the same low amplitude strikes
can produce intermittent failures in electronic systems and, therefore, reduce the mean time
between failure (MTBF) criteria of otherwise reliable systems. Last, but not least, MAINTE-
NANCE ECONOMICS. The motto of every squadron commander is "Keep 'em flying." The
Navy can ill-afford chronic system failures and the accompanied loss of maintenance dollars,

* flight hours, and training which affect overall combat readiness.

* Simply stated, our management philosophy for protection from lightning and static electricity
problems is most economically and efficiently introduced in early design stages where it can
often be provided with almost no weight and cost penalties. To accomplish this, we are making
attempts to develop handbooks, standards and specifications to assist aircraft designers and

* other manufacturers to produce more reliable products: we have designated a point of contact
in AIR-5161 to be responsible for electronic upset caused by lightning and static electricity.
We have requested that the Navy Safety Center collect and analyze data related to lightning
accidents and incidents: and, we have urged our program managers to be more alert to

* contractual matters to ensure Navy E:1 interests are realized during the acquisition process.

* I must admit, during the past few years the Navy has made great strides in characterizing
* lightning protection properties by:

0 Developing a design guide for lightning protection of advanced aircraft fuel systems;
this program will develop the engineering and qualification test techniques, and define
reasonable safety margins that aircraft designers can use to evaluate risk factors and
make necessary trade-offs.

* Establishing an approved Navy Training Program which will train our personnel as to
the impact of system upset by environmental effects.

0 Coordinating with the Atmospheric Electricity Hazards Protection Program (AEHP):
* An Air Force R & D program for advanced aircraft that addresses the electromagnetic -

environment resulting from aircraft interaction with atmospheric electricity.
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0 Supporting the National Interagency Coordinating Group for Lightning and Atmos-
pheric Hazards to look into lightning'static electricity matters. In fact, the chairman of
this year's conference, Mr. Joe Fisher, is AIR-5161 of my staff.

And finally

0 Sharing information with other governmental agencies at these conferences (Armed

Forces, FAA, NASA, NOAA, DOT, and others).

CLOSING

In closing let me say, your hard work and dedication in efforts to study, understand and
explain these phenomena are exemplary. Your collective contributions to this environmental
science provide priceless assistance to our Navy's goals. Whatever applications can be directed
to military aviation concerns will surely benefit international commercial aiiation objectives
as well. As I look over this vast and talented audience, I feel confident the pilot of the future
will get his dream aircraft. Be assured, I speak for the Navy when I say that without your
expertise and scientific know-how the phenomena of lightning and static electricity cannot be
characterized and a very necessary program cannot be established to avoid and counter
undesired effects.

Ladies and Gentlemen, as you look around, you will recognize many of the world's leading
authorities on the phenomena of lightning and static electricity, aircraft and aerospace flight
environments, and ground systems. They are here with us today to share their views and
knowledge of these subjects. So the task is before you.

Finally, I want to sincerely thank the participating companies and those of you who have
submitted papers in support of this effort.

Thank you for the invitation, the trip has already been most beneficial.

•......... . . . .. . ..•. -. .... !
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